In this work we re-examine an existing model of gastric acid secretion. The model 
INTRODUCTION

17
Secretion of gastric acid from parietal cells into the lumen of the stomach 18 is a highly regulated and dynamic process dependent on neural, paracrine and the corpus. This delay is likely on the order of 30 min (Chew and Hersey, 1982) 23 and may be critical for acid homeostasis.
24
The primary inhibitory effector of acid secretion is somatostatin, secreted by gastrin-stimulated acid release in a dose-dependent manner (Wollin, 1987) .
35
THE ODE MODEL
36
In this section we illustrate the equations of the ODE model, as presented in 
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Cell populations dynamics. Stem cells in both the antrum and the corpus undergo 1 differentiation to G, D, ECL and parietal cells (Karam, 1995; Karam and Leblond, 2 1995; Karam et al., 1997; Karam, 1999) . γ Asc and γ Csc represent the antral and 3 corpus stem cells rates of division.
4
Proliferation of stem cell populations has been modeled using logistic growth.
5
This leads to the following differential equations for the rate of change of stem 
t))(C Asc − A sc (t))−( p G (t)+ p D A (t))(η Asc )(A sc (t)). (1.1)
10
Corpus stem cells.
· C sc (t) 12 
− ( p E (t) + p D C (t) + p P (t))(η Csc )(C sc (t)).
(1.2)
13
The additional term type of cell modulates stem cell differentiation (Sato et al., 1972) .
17
The equations for the rate of change of endocrine cells (i.e., G, D and ECL) and 18 the exocrine (parietal) cells dynamics are as follows (Joseph et al., 2002) : 
(1.8)
3
Corpus gastrin.
(1.9)
5
Antral somatostatin.
(1.10)
9
Corpus somatostatin.
(1.11)
13
Histamine. the product of the inhibitory terms 1+
to capture the inhibitory 10 dynamics. The loss of gastrin from the antrum occurs via two mechanisms: trans-11 port and degradation. We model these with the loss term
we assume that both losses are directly proportional to the gastrin concentration in 
17
Corpus acid.
(1.13)
22
Antral acid.
(1.14)
24
Histamine, gastrin and CNS elicit the secretion of acid from parietal cells, while 
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(1.15)
13
Antral bicarbonate.
(1.16)
15
Loss of free bicarbonate from the system occurs via buffering of acid, trans- posed to be equivalent to the respective rates of transport and washout of acid.
19
How bicarbonate is able to effectively buffer secreted acid is not well understood. Central nervous system-CNS.
Enteric nervous system-ENS.
(1.18) Feedback from the luminal acidic environment is accomplished through noncom-3 petitively inhibiting neural activity, represented by 1
AN1
. In addition, 
THE DDE MODEL
7
The food function clearly drives stomach physiology and its dynamics, affecting Since there is a delay between the time gastrin is secreted in the antrum and the 12 observation of its effects in the corpus, we implement a delay function to account 
18
We also hypothesize that histamine is always present in the corpus, allowing In these cases, it is likely that acid secretion is compensated for through CNS stim- and somatostatin (SS) secretion in the corpus, but there is a delay between its secretion in the antrum and these effects in the corpus. The Greek symbols represent the rates at which events occur. β A represents the rate of transport of acid. λ symbolizes the death rate of a given cell type specified by the subscript. κ A corresponds to the washout rate of acid with A gastric emptying. Also shown are the central and enteric neural stimuli (CNS and ENS) supplied to the physiological system upon feeding. (Solid arrows represent positive stimuli whereas dashed arrows represent negative stimuli. The weight of arrows indicates the relative intensity of the stimulus.)
The resulting DDE model is illustrated in Fig. 2 . The new DDE system is com- 
Corpus gastric acid.
Different delay functions. The delay term a 'surge' of its effect is observed).
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We also explored the two other delay functions, (1.23) and (1.24). for stiff systems to solve the system of differential equations over a 24 h period.
28
The ODE15s function implements two important sub-classes of a variable-order between the two models.
19
It is not surprising that plasma gastrin levels are slightly lower in the DDE model 20 than in the ODE model [ Fig. 3(a) ]. The ODE model includes both antral and corpus system produced stable period 3-limit cycles. The period here is about three times day (24 h) and the short term (300 h) (see Fig. 4 ). We found that for smaller values 6 of τ , the phase plots were highly irregular, whereas for values of τ greater than 7 or equal to 30 min, the phase plots closely resembled the stable limit cycles. This 8 phenomenon was true regardless of which delay function was used (see Fig. 5 ).
9
We can explain these differences in the phase diagrams ( In summary, although some differences are expected from replacing the ODE 10 model with the DDE model, they do not affect the overall picture. We find the 11 behavior of the DDE model to be qualitatively similar to that of the ODE model.
12
Indeed, the quantitative differences described above between simulations of the 13 two models are so slight that they could be accounted for by individual variations.
14 Thus, the dynamics of the two systems could be considered overlapping.
15
As mentioned above, when we consider gastric acid secretion over a short time tion. This is to be expected, since corpus somatostatin is the only inhibitor of HCl 7 production in the model. We have shown that:
1
(1) the temporal behavior of the DDE model closely reproduces that of the ODE Gastrin is secreted by G cells in the antrum and diffuses into the underlying blood of gastrin between the antrum and the corpus is a rapid process (much less than 11 30 min).
12
Time delays also occur during gastrin stimulation of ECL and parietal cells.
13
Although the binding of gastrin to its receptor is a rapid process, a delay is 14 observed before a significant local concentration of gastrin can be accumulated 15 around ECL and parietal cells to elicit histamine and acid release respectively. 
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